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Introduction
A new study item on NR V2X [1] has been approved at the RAN#80 plenary, which is intended to support advanced V2X services beyond services supported in LTE Rel-15 V2X. The stringent requirements on latency and reliability imposed in TS 22.186[2] in the context of advanced V2X services require enhancements to the current NR system. One of the main challenges is the definition of a new NR sidelink.
In the last RAN1#94 meeting [3], the following starting points for the study were identified:
· RAN1 to continue study on the physical channel considering at least the following aspects:
· Waveform
· Candidates: CP-OFDM, DFT-s-OFDM
· Proposals from companies:
· CP-OFDM only
· Support both
· Consideration points:
· Different channel can have different waveform?
· Benefit and impact of supporting only one waveform and supporting both waveforms
· Subcarrier spacing
· Candidates for further study are: 
· FR1: 15 kHz, 30 kHz, 60 kHz, 120 kHz 
· FR2: 30 kHz, 60 kHz, 120 kHz, 240 kHz
· Companies are encouraged to consider the potential issues and benefit of introducing new subcarrier spacing.
· CP length
· RS design
· Candidates are:
· DM-RS
· DM-RS defined in Rel-15 NR Uu is the starting point.
· PT-RS
· CSI-RS
· SRS
· AGC training signal
· [….]

In this contribution, we give an overview of some sidelink design requirements for NR V2X.
This contribution is revised from R1-1808203, with improved content and new simulation results.

Discussion

Scenarios and use cases
SA1 has identified 25 use cases for advanced V2X services and they are categorized into four use case groups: vehicles platooning, extended sensors, advanced driving and remote driving. The normative requirements for each use case group, given in TS 22.186[2], depend on the characteristics of each use case group.
For Vehicles Platooning, where vehicles driving together in a same direction in a coordinated manner under the management of a leading vehicle, positioning accuracy is of utmost importance. The 3GPP system shall support relative longitudinal position accuracy of less than 0.5 m for UEs supporting V2X application for platooning in proximity.
For Extended Sensors, where vehicles can increase the perception of their environment beyond of what their own sensors can detect through exchanges of raw or processed data gathered by other members of the V2X environment, high data rate is one of the key characteristics. Support of a data rate of up to 1000Mbps is required in some cases with higher degree of automation.
For Advanced Driving, allowing vehicles to synchronize and coordinate their trajectories or maneuvers, and for Remote Driving, allowing to remotely control a vehicle, ultra-low latency and high reliability are required.It is required to support message exchange between a UE supporting V2X application and V2X application server for an absolute speed of up to 250 km/h.
The requirements in TS 22.186 are dimensioned to enable advanced V2X services, beyond those already implemented in LTE Rel.15 V2X. Future vehicles will most likely be equipped with both LTE V2X and NR V2X, their respective services being complementary: basic safety applications may use LTE-V2X, while advanced applications would use NR-V2X.
The requirements in terms of latency, reliability and throughput are summarized in Table 1, by taking into account the considered scenario for each use case. An absolute speed up to 250 km/h needs to be supported. A sidelink communication must be possible both under coverage and out of coverage, similar to Modes 3 and 4 in LTE V2X.
[bookmark: _Ref520996436]Table 1 – Overview of V2X performance requirements in TS 22.186
	Use case
	Max end-to-end latency (ms)
	Reliability (%)
	Payload (Bytes)
	Data rate (Mbps)

	Vehicles Platooning
	10-500
	99.99
	50-6000
	50-65

	Extended Sensors
	3-100
	95-99.999
	1600
	10-1000

	Advanced Driving
	3-100
	90-99.999
	300-12000
	10-53

	Remote Driving
	5
	99.999
	-
	UL:25/DL:1



These requirements directly impact the sidelink design. A low latency, high reliability, high throughput, flexibleand forward-compatible sidelink will rely on useful features from the NR toolkit such as flexible numerology, flexible slot design, multi-antenna techniques.
Observation 1: NR V2X will cover diverse use cases having different requirements in terms of throughput, coverage, reliability, latency.
NR sidelink is expected to offer high system capacity and extended coverage. It is desirable to have a unitary sidelink design for both unlicensed ITS bands and licensed bands in both FR1 and FR2. In LTE, sidelink connectivity takes place in the UL part of the spectrum for FDD, and in the UL subframes for FDD, mainly because of regulatory and implementation complexity reasons. LTE sidelink reuses the UL principles, having as baseline PUSCH design.
Proposal 1: Target unitary sidelink design for both unlicensed ITS bands and licensed bands in both FR1 and FR2, having as baseline the NR PUSCH design.

Waveform
In NR UL both DFTsOFDM and CP-OFDM are supported, being considered as complementary. CP-OFDM is oriented towards mid-cell throughput increase allowed by using MIMO techniques, while DFTsOFDM is targeted for link-budget limited scenarios. This decision was based on extensive simulation campaigns comparing DFTsOFDM and OFDM, taking into account SNR performance, behavior in the presence of a non-linear HPA, impact of PAPR reduction techniques, throughput, coverage, etc.The conclusions of those evaluations are still valid in a V2X sidelink scenario.
In [5] it is shown that in both narrowband and wideband allocation scenario, DFT-S-OFDM provides 2 dB improvement in link budget compared to OFDM with companding/clipping under the same emission requirements. Moreover, it is shown in [6] that applying PAPR reduction techniques does not change the advantage of DFTsOFDM. 
Evaluations in [7] show that, with same PA, DFT-s-OFDM provides 1.5~2 dB coverage benefit over CP-OFDM at low spectral efficiency.
As stressed out in [8], it is known that with low PAPR waveforms, the power amplifier back-off can be reduced. Reducing the PA back-off is then conceptually equivalent to power boosting. Significant improvements in both mean and cell edge throughputs can be achieved with the power boosting that can be performed with a low PAPR waveform.
Observation 2: During NR UL evaluations, DFTsOFDM was reported to bring a gain of around 2dB over OFDM in link budget limited scenarios.
[bookmark: _GoBack]For both control and data sidelink channels, robustness and coverage are design targets. Evaluations in a V2X scenario as described in the annex are aligned with the observations above. As it can be seen from Figure 1, the PAPR advantage of DFTsOFDM is in the order of 2.7dB for QPSK, 2dB for 16QAM and 1.8dB for 64QAM respectively at target CCDF=10-4, and even higher at lower CCDF targets. The PAPR advantage is translated into increased robustness against non-linear distortion and thus into extended coverage range, particularly interesting for V2X communications. The PAPR advantage of DFTsOFDM is significantly higher than the performance benefit of CP-OFDM, as it can be seen from Figure 2. In the ideal case of the absence of a HPA, CP-OFDM outperforms DFTsOFDM by 0.5dB for 16QAM 1/2 and the performance gap drops below 0.1dB for QPSK1/2 and 16QAM ¾ in the tested scenario. In the presence of a HPA, the performance of CP-OFDM degrades rapidly when driving the HPA closer to saturation due to the high PAPR of the CP-OFDM waveform, while DFTsOFDM displays a more robust behavior in the presence of a nonlinearity. 
A more detailed analysis of these results is given in Figure 3, Figure 4 and Figure 5. The total degradation TD is defined as
TD=abs(OBO)+ΔSNR
Where the OBO is the backoff with respect to the saturation value at the output of the HPA, and ΔSNR is the SNR loss at FER target 10-1 with respect to the ideal case where no HPA is present. The TD curve reflects the combined effect when jointly considering the HPA output back-off (OBO) and the SNR performance on a frequency selective channel. In regions far from the HPA saturation, ΔSNR≈0, but the TD is high because of the OBO loss. When close to saturation, the OBO loss is significantly reduced, but the SNR loss is high since the constellation is highly corrupted by the non-linear HPA. For each waveform and MCS, there is an optimum functioning point, where the TD is minimized. 
Figure 3, Figure 4 and Figure 5 confirm the fact that the PAPR advantage of DFTsOFDM is significantly more important than the performance difference due to behavior on frequency fading channels. In Figure 5 for example, in the absence of any further constraint, the optimum functioning point of DFTsOFDM offers 1.3dB of TD gain over the optimum functioning point of CP-OFDM.
Taking things a step further, EVM and spectrum mask constraints need to be accounted for. Table 2 gives the minimum necessary backoff from saturation at the HPA output allowing to comply with EVM and spectrum mask NR requirements in TS 38.101. These further constraints on the TD curves and give the functioning point for each waveform when the system is compliant with the NR requirements in TS 38.101. 
DFTsOFDM waveform can be operated closer to saturation. The TD gain over OFDM is of 3.85dB for QPSK1/2 and 2.9dB for 16QAM1/2 and 16QAM3/4.
Observation 3: For single layer transmission, when jointly considering the behavior in the presence of a non-linear HPA, the performance on frequency selective channel and the NR spectral normative constraints, the gain over OFDM is of 3.85dB for QPSK1/2 and 2.9dB for 16QAM1/2 and 16QAM3/4.

[bookmark: _Ref525933998]Table 2 – Necessary OBO values in order to comply with EVM and spectrum mask NR requirements in TS 38.101
	
	EVM requirement
	DFTsOFDM
	CP-OFDM

	
	
	OBO to reach EVM target
	OBO to respect spectrum mask
	OBO to reach EVM target
	OBO to respect spectrum mask

	QPSK
	17,5%
	3.69dB
	1.51dB
	7.6dB
	4.8dB

	16QAM
	12,5%
	4.8dB
	2.08dB
	7.9dB
	3.59dB



While OFDM benefits from its good multiplexing capacity and better performance on highly frequency selective channels, DFTsOFDM has the advantage of a lower PAPR. Moreover, in FR2, the flatter nature of the channel and the fine beamforming highly diminish the advantages of OFDM, DFTsOFDM being more fit for the harsh propagation conditions.
For PSSCH, both CP-OFDM and DFTsOFDM can be supported. CP-OFDM can bring the advantage of throughput in FR1 whenever the link budget is sufficient. Nevertheless, for scenarios when single layer transmission is sufficient or whenever the link budget is limited, DFTsOFDM performs better and should be supported. Moreover, support of DFTsOFDM ensures a unified design between FR1 and FR2.
From the perspective of specification effort, the design of an OFDM-based PSSCH from scratch is more challenging than a design based on DFTsOFDM, where elements from LTE PSSCH can be reused when possible. 
For PSCCH, single layer transmission is sufficient and coverage should be maximized. DFTsOFDM should be supported. Ensuring low latency and high reliability for PSCCH is yet another key aspect. Principles currently investigated for URLLC control design should be re-evaluated in a V2X scenario. Also, in LTE Rel.15 V2X, some enhancements were limited by the need of backwards compatibility or by considerations of coexistence with UEs from previous releases, regardless of the potential gains. A clean design for NR gives the opportunity of introducing from the very beginning technologies already identified as useful, such as e.g. transmit diversity.
Proposal 2: For PSSCH support both DFTsOFDM and CP-OFDM. 
Proposal 3: For PSCCH support DFTsOFDM.

Subcarrier spacing
For data channels, NR supports subcarrier spacings (SCS) of 15kHz, 30kHz and 60kHz for FR1, and 60kHz, 120kHz for FR2.An extended list of candidates is so far considered in NR V2X, including 15 kHz, 30 kHz, 60 kHz, 120 kHz for FR1 and 30 kHz, 60 kHz, 120 kHz, 240 kHz for FR2. Increasing the carrier spacing helps coping with high Doppler speeds, typical for some V2X deployment scenarios. When increasing the SCS by a given factor X with respect to a reference value, the frame duration is reduced X times, which is convenient from a latency point of view, but the occupied spectrum is also increased X times, which may be problematic from a frequency resource point of view.
As it can be easily understood (and confirmed from Figure 3 and Figure 4, where the position of the first DMRS is l0=0), increasing the subcarrier spacing reduces the effective time duration of the slot and alleviates the Doppler Effect, improving the performance, especially at high speed. But for the same amount of transmitted data, a larger bandwidth is necessary when increasing the subcarrier spacing occupation. It can be seen that increasing the carrier spacing can still increase the spectral efficiency at a given SNR. Increasing the SCS from 15kHz to 30kHz and to 60kHz brings significant gain, while as further increasing the SCS to 120kHz only brings limited gain.
Figure 5 and Figure 6, where 2 DMRS are inserted in positions l0=0,4 show that increasing the number of DMRS reduces the gain brought by increasing the carrier spacing, but at the expense of a significant throughput penalty. From a throughput point of view, in order to cope with high Doppler, increasing the SCS is more beneficial than increasing the number of DMRS.
It seems beneficial to keep the SCS flexibility offered by NR and support several SCS values. SCS=60kHz is the best performing in the context of high speed low latency communications. Nevertheless, from a spectrum occupancy point of view, a lower subcarrier spacing (e.g. 15kHz or 30kHz) should also be supported, since at low relative speeds and/or with dense time-domain DMRS patterns the performance difference between different SCS becomes negligible. 
In FR2, SCS=30kHz might not be enough to cope with phase noise effects in the high end of the FR2, especially in the presence of high Doppler. SCS=60kHz should be supported for commonality with FR1. Further investigation is needed for SCS=120kHz, 240kHz. 
Observation 4: From a throughput point of view, in order to cope with high Doppler, increasing the SCS is more beneficial than increasing the number of DMRS.
Proposal 4: In FR1, support SCS=60kHz and [15kHz or 30kHz].
Proposal 5: In FR2, support SCS=60kHz, FFS for 120kHz, 240kHz.

RS design
In NR, PTRS design is targeted for phase error compensation in FR2. PTRS feature in NR Rel.15 is mandatory with UE capability signaling for FR2 and is optional for FR1. PTRS is not only useful for phase noise compensation, but can be used for tracking any phase error, and is particularly efficient for CFO and Doppler estimation. NR V2X should consider the use of PTRS for CFO and Doppler compensation in all frequency ranges. 
Proposal 6: Consider the use of PTRS for CFO and Doppler compensation in all frequency ranges.
NR DMRS design already provides flexible configuration, based on a front-loaded DMRS, but allowing to configure up to 3 additional DMRS per slot, depending on the number of symbols in the slot. Increasing the time domain density of the RS is clearly beneficial for channel estimation, especially at high speed, but is penalizing from a spectral efficiency point of view. In order to preserve the throughput, NR RS design can be enhanced to support, for example, increased time domain density with reduced frequency domain density with respect to the current RS design. The current DMRS and PTRS designs can be used as a starting point for V2X DMRS.
For CP-OFDM, DMRS frequency density can be reduced for example by using a RB-combed structure [9](e.g. every other RB does not contain DMRS), which is especially interesting for channels with limited frequency selectivity. Another option is to densify the current PTRS design in order to enhance channel estimation.
For DFTsOFDM, in order to preserve the throughput, RS and data need to be multiplexed in the same OFDM symbol. The NR PTRS design, where data and RS are multiplexed before the DFT, offers a starting point. The current PTRS patterns and densities are not fit for channel estimation due to their low density. But a PTRS-like design where a contiguous portion of the pre-DFT space carries RS with sufficient density opens the way to reliable channel estimation [10]. Two examples on how to densify the time domain DMRS density without significantly changing the DMRS overhead with respect to a reference NR UL design is presented in Figure 7.
Proposal 7: Use NR DMRS and PTRS design principles as a starting point for sidelink RS design.
Proposal 8: Consider DMRS designs with increased time domain density and reduced frequency domain density for both CP-OFDM and DFTsOFDM based channels.

Conclusions
Based on the discussion in this contribution, we make the following observations and proposals:
Observation 1: NR V2X will cover diverse use cases having different requirements in terms of throughput, coverage, reliability, latency.
Observation 2: During NR UL evaluations, DFTsOFDM was reported to bring a gain of around 2dB over OFDM in link budget limited scenarios.
Observation 3: For single layer transmission, when jointly considering the behavior in the presence of a non-linear HPA, the performance on frequency selective channel and the NR spectral normative constraints, the gain over OFDM is of 3.85dB for QPSK1/2 and 2.9dB for 16QAM1/2 and 16QAM3/4.
Observation 4: From a throughput point of view, in order to cope with high Doppler, increasing the SCS is more beneficial than increasing the number of DMRS.

Proposal 1: Target unitary sidelink design for both unlicensed ITS bands and licensed bands in both FR1 and FR2, having as baseline the NR PUSCH design.
Proposal 2: For PSSCH support both DFTsOFDM and CP-OFDM. 
Proposal 3: For PSCCH support DFTsOFDM.
Proposal 4: In FR1, support SCS=60kHz and [15kHz or 30kHz].
Proposal 5: In FR2, support SCS=60kHz, FFS for 120kHz, 240kHz.
Proposal 6: Consider the use of PTRS for CFO and Doppler compensation in all frequency ranges.
Proposal 7: Use NR DMRS and PTRS design principles as a starting point for sidelink RS design.
Proposal 8: Consider DMRS designs with increased time domain density and reduced frequency domain density for both CP-OFDM and DFTsOFDM based channels.
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Annex A – Simulation assumptions 
Simulations are performed having as baseline the Rel-15 NR PUSCH design with following parameters:
	Carrier frequency 
	5.9GHz

	SCS/BW
	15kHz/50MHz; 30kHz/100MHz; 60kHz/100MHz:; 120kHz/200MHz 

	CP
	Normal

	Channel
	CDL-A-based NLOS from Table 6.2.3-1, TR 37.885

	DMRS configuration
	NR-like configuration type 1, PUSCH mapping type A (slot size 12), PUSCH mapping type B (slot size 4, 7)

	Speed
	20kmph vs 20kmph (relative speed: 40kmph)
140kmph vs 140kmph (relative speed: 280kmph)

	FEC
	NR LDPC with 50 decoding iterations

	CFO
	0.1ppm at Tx and -0.1ppm at Rx

	HPA
	Polynomial, variable IBO

	Packet size
	200bytes, 400bytes, 800bytes, 1000bytes



The packet size and coding rate are kept constant, the number of occupied RBs varies with MCS, slot size and DMRS configurations in the limit of the max bandwidth size as follows
Table 3 – Number of occupied RBs
	Slot 
	#DMRS
	MCS
	200bytes
	400bytes 
	600bytes
	800 bytes
	1000 bytes

	4
	1
	QPSK ½ 
	222
	-
	-
	
	-

	
	
	16QAM ½ 
	112
	-
	-
	268
	-

	
	
	16QAM ¾ 
	44
	-
	-
	178
	-

	7
	1
	QPSK ½
	112
	-
	-
	268
	-

	
	
	16QAM ½
	56
	-
	-
	134
	-

	
	
	16QAM ¾
	22
	-
	-
	90
	-

	
	2
	QPSK ½
	134
	268
	-
	-
	-

	
	
	16QAM ½
	68
	134
	-
	-
	-

	
	
	16QAM ¾
	28
	54
	-
	-
	-

	12
	1
	QPSK ½
	62
	122
	-
	-
	-

	
	
	16QAM ½
	30
	62
	-
	-
	-

	
	
	16QAM ¾
	12
	24
	-
	-
	-

	
	2
	QPSK ½
	68
	134
	-
	-
	-

	
	
	16QAM ½
	34
	-
	60
	-
	-

	
	
	16QAM ¾
	14
	-
	40
	-
	-

	
	4
	QPSK ½
	84
	-
	-
	-
	250

	
	
	16QAM ½
	42
	-
	-
	-
	126

	
	
	16QAM ¾
	18
	-
	-
	-
	84



Annex B – Simulation results
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[bookmark: _Ref521013622]Figure 1 – CCDF of instantaneous normalized power of DFTsOFDM and OFDM for QPSK, 16QAM, 64QAM
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[bookmark: _Ref521678961]Figure 2 – Comparative performance of DFTsOFDM and CP-OFDM, QPSK1/2, 16QAM1/2, 16QAM3/4, 200 bytes (back-off advantage not included)
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[bookmark: _Ref525932329]Figure 3 – Total degradation (OBO+SNR), QPSK1/2
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[bookmark: _Ref525932331]Figure 4 – Total degradation (OBO+SNR), 16QAM1/2
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[bookmark: _Ref525932333]Figure 5 - Total degradation (OBO+SNR), 16QAM3/4
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[bookmark: _Ref521017819]Figure 3 - FER for different SCS, 280kmph, 1DMRS
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[bookmark: _Ref521017821]Figure 4–Throughput, different SCS, 280kmph, 1DMRS
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[bookmark: _Ref521682624]Figure 5 - FER for different SCS, 280kmph, 2DMRS
	[image: ]
[bookmark: _Ref521682626]Figure 6 - Throughput for different SCS, 280kmph, 2DMRS
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[bookmark: _Ref525835879]Figure 7 – Dense time domain DMRS patterns for DFTsOFDM: reference NR configuration with 28.5% overhead (up), DMRS in every symbol with 33% overhead (middle), DMRS in every other symbol with 21.4% overhead (down).
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